Animal walking results from a complex interplay of central pattern generating networks (CPGs), local sensory signals expressing position, velocity and forces generated in the legs, and coordinating signals between neighboring ones. In the stick insect intra-and intersegmental coordination is conveyed by these sensory signals. The CPGs control the activity of motoneuron pools and are thereby responsible for the generation of rhythmic leg movements. The rhythmic activity of the CPGs can be modified by the aforementioned sensory signals. However, the precise nature of the interaction between the CPGs and these sensory signals has remained largely unknown. Experimental methods aiming at finding out details of these interactions often apply the muscarinic acetylcholine receptor agonist, pilocarpine in order to induce rhythmic activity in the CPGs. Using this general approach, we removed the influence of sensory signals and investigated the putative connections between CPGs associated with the June 17, 2019 1/33 coxa-trochanter (CTr)-joint in the different segments (legs) in more detail. The experimental data underwent connectivity analysis using Dynamic Causal Modelling (DCM). This method can uncover the underlying coupling structure and strength between pairs of segmental ganglia (CPGs). For the analysis we set up different coupling schemes (models) for DCM and compared them using Bayesian Model Selection (BMS). Models with contralateral connections in each segment and ipsilateral connections on both sides, as well as the coupling from the meta-to the ipsilateral prothoracic ganglion were preferred by BMS to all other types of models tested.
Introduction
rectified and smoothed waveforms that are corrected for DC (direct current) shifts (i.e., 80 having a mean amplitude of zero). These data were then downsampled to 200 Hz and 81 extracted as a time-series. 82 Connectivity analysis 83 The data was further processed with MatLab R2011b (The MathWorks Inc., 84 analysis of an experimental condition with known connectivity, i.e. cut connectives 114 between the segmental ganglia. 115 Phase-connectivity approach (PC) 116 We validated the DCM connectivity results by analyzing, in the absence of sensory 117 input, the mutual relationship of the rhythmic motor activities in the stick insect in 118 order to uncover possible phase-coupling between them. The analysis was performed by 119 means of established methods that are described elsewhere [37, 43] . Using this approach, 120 we gained information about the time evolution of multiple rhythms propagating intra-121 or intersegmentally. The intersegmental analysis was done for the meso-and 122 metathoracic ganglia first and then for the pro-and mesothoracic ganglia. We analyzed 123 the phase of the rectified and smoothed signal obtained from each nerve as the activity 124 evolved in time. For automatic and objective detection of burst onsets the preprocessed 125 extracellular recordings were used to construct a discrete-time analytic signal
in the complex plane. Here, X r is the real data vector, and X i is the Hilbert transform 127 of X r [30] . Then a Poincaré-section was used to define the onsets of the bursts and 128 thereby the reference phase of the rhythm. To obtain information on the phase ϕ of 129 each recording, we linearly interpolated the phase angle between each pair of onsets of 130 each single nerve and normalized it to lie in the interval [0, 1) (mod 2π) during one 131 cycle. As a last step, the phase was unwrapped, i.e. it grew monotonically, as if it were 132 an 'ordinary' non periodic time signal (Fig 2, A left). When recording from the the closest cluster. To investigate the coupling of two CPGs, we calculated their phase-difference. The 143 signals are considered to be coupled if their phase-difference remains constant over a 144 longer time-period, i.e.
ε being a small error (compared to c). In our analysis, we ensured this by requiring the 146 two criteria below to be fulfilled for the R-vector R (cf. [1] ), which is defined by Both thresholds for the R-vector lengths were adjusted manually in such a way that the 156 program was able to correctly assign clearly coupled or clearly uncoupled intervals to 157 the correct group.
158
After phase-coupled intervals were identified, we defined the strength of the coupling 159
to be the likelihood of coupling over the whole recording, i.e. the sum of all interval .
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Finding the best coupling structure via BMS enables us to investigate intra-and stepwise reducing the number of connections from fully connected to fully unconnected 174 (see Fig 3, A) . In the case of pro-meso-meta connectivity we based our models on the results of the meso-meta and pro-meso analyses and added possible, physiologically as 176 well as theoretically motivated, pro-meta connections to the coupling structure (see 177 Results and Fig 3, B ).
178
Significant differences in connectivity strengths were in both approaches (DCM and 179 PC) determined by means of t-tests. In the DCM approach we assumed left-right 180 symmetry and thus assigned both directions of a connection between two CPGs to the 181 same connection (e.g. connection strengths from the left mesothoracic to the right 182 mesothoracic and from the right mesothoracic to the left mesothoracic ganglion were 183 averaged). This does not apply to the PC approach, since no directionality of the 184 connections can be obtained there. 185 2 Results
186
In this study, we report results obtained with a method commonly used to analyze 187 M/EEG data. We applied it to analyze the coupling strengths of pharmacologically metathoracic ganglion were collected in 10 animals. 200 We used these bilaterally recorded data for the DCM analysis. First, we tested a The connectivity strengths were calculated for intervals that were pre-identified as phase-coupled by the PC approach. C: Boxplot showing the connectivity strengths for the PC approach. Meso-Meso denotes coupling between both sides of the mesothoracic and meta-meta the one between both sides of the metathoracic ganglion. Meso-Meta represents the intersegmental coupling between the meso-and the metathoracic ganglia. * denotes statistical significant differences. segments. We originally set up DCM to calculate coupling strengths of the fully the connection strength, 90% on the left side and 95% on the right side, between the 242 meso-and metathoracic ganglion ( Fig 5) . The connection between both segments was 243 June 17, 2019 13/33 not completely removed by DCM. This is due to the fact that DCM is constructed to 244 use a minimal connection strength whenever it is assumed to be present. In addition to 245 the intersegmental decrease, there was a strong increase in the intrasegmental coupling 246 in the mesothoracic ganglion (by factors of 2-20) and a decrease in connectivity in the 247 metathoracic ganglion (by a factor of 2). This is in agreement with [28] where the 248 authors could demonstrate that the mesothoracic ganglion showed intrasegmental 249 phase-coupling even in the isolated state, while the connection of the metathoracic 250 ganglion to the mesothoracic ganglion had to be present in order to detect robust 251 in-phase coupling in the metathoracic ganglion. The connectivity strengths were calculated for intervals that were pre-identified as phase-coupled by the PC approach. C: Boxplot showing the connectivity strengths for the PC approach. Pro-Pro denotes coupling between both sides of the prothoracic and meso-meso the one between the both sides of the mesothoracic ganglion. Pro-Meso represents the intersegmental coupling between the pro-and the mesothoracic ganglia. * denotes statistical significant differences. ratio (cf. Fig. 1 ) in this experimental setup (see Discussion). Additionally, we validated 289 the DCM approach by introducing an experimental condition with prior knowledge on 290 the connectivity, i.e. we cut the connectives between the meso-and metathoracic than the contralateral ones, while diagonal coupling interactions were also present in the 467 resulting connectivity scheme reported. Moreover the meso-to metathoracic, descending 468 coupling was weaker than the ascending. Such an asymmetry was not systematically 469 observed in our results. In addition, as reported in [12] , intrasegmental metathoracic 470 coupling was stronger than coupling between the mesothoracic hemisegments, whereas 471 the opposite is demonstrated here for the stick insect.
472
The reasons for these discrepancies between the cockroach and the stick insect al. [12] .
479
In a recent modelling study, Szczecinski et al. [42] demonstrated that interleg 
